Rakibul Kabir [a, §] , Julio Albuerne [a,&] , Peter F. W. Simon [a$] , Volkan Filiz [a] , Clarissa Abetz [a] , Heinrich Böttcher [a] , Jan Perlich [b] , Volker Abetz 
Deformation and orientation behavior of polystyrene-bpolybutadiene-b-poly(methyl methacrylate) triblock terpolymers: Influence of polybutadiene microstructures and the molar masses
Rakibul Kabir [a, §] , Julio Albuerne [a,&] , Peter F. W. Simon [a$] , Volkan Filiz [a] , Clarissa Abetz [a] , Heinrich Böttcher [a] , Jan Perlich [b] , Volker Abetz 
Introduction
Polymeric materials composed of different blocks show a broad variety of morphological patterns. The simplest and most widely studied block copolymers are AB diblock copolymers, where two building blocks of different nature are joined together by a covalent bond. The morphologies of AB diblock copolymers are mainly determined by one segmental interaction parameter, χ, the total degree of polymerization, N, and one independent composition variable like the volume fraction φ A . Compared to AB diblock copolymers, ABC triblock terpolymers introduce more variables into the morphological behavior. The interplay of three segmental interaction parameters, χ AB , χ BC , χ AC , the total degree of polymerization, N, and two independent composition variables, φ A , and φ B , respectively, result in a wide variety of complex morphologies in ABC triblock terpolymers. [1, 2] The mechanical properties of block copolymers have been intensively investigated to explore suitable industrial applications. Deformation mechanisms of block copolymers differ from those of homopolymers because the microphase separated domains of block copolymers are too small in size for crazing to initiate. [3] [4] [5] [6] The possibility to synthesize ternary block copolymers (mainly triblock terpolymers) has triggered the discovery of novel morphologies and opened new ways to control the mechanical properties as well as the deformation behavior. [7] In the last few decades, the structure-property relationships and the deformation mechanisms of di-and tri-block copolymers based on thermoplastic elastomers (TPE) containing glassy and rubbery segments have been investigated. [3, [8] [9] [10] [11] [12] [13] [14] In general, TPEs are composed of two or more microphase-separated components. The most commonly used TPE is the binary triblock copolymer polystyrene-b-polybutadiene-bpolystyrene, SBS. Here, the rubbery B middle block is covalently linked to both the glassy S end blocks where the B chains are arranged in loops and bridges between the glassy domains (cf. Scheme 1). However, the B chains that form loops (i. e. both S end blocks are located in the same domain) hamper the elastomeric properties. The mechanical behavior also strongly depends on the morphological pattern and microdomain orientation. [10] Changing the morphology of the rubbery B-domain from a lamellar to a cylindrical or a spherical pattern changes the mechanical behavior of the polymer from a thermoplastic elastomer to a high impact plastic. [7] To circumvent the formation of the loops formed by the elastomeric middle block and therefore to improve the mechanical properties, one of the two S blocks can be replaced by another glassy-type polymer. For example, the use of a poly(methyl methacrylate), M-block leads to the ternary triblock TPE polystyrene-b-polybutadiene-b-poly(methyl methacrylate), SBM. As the glassy S and M phases are immiscible in that case, the elastomeric B chains are forced to form bridges (i.e. both end blocks are located in different domains) rather than loops, which enhances the mechanical properties of the polymer. [15] (SCHEME 1)
Till now, only a limited number of publications addressing the deformation mechanism of SBMs during tensile testing have been published. Stadler and co-workers [16] demonstrated the deformation mechanism of SBM triblock terpolymers of symmetric and asymmetric type. For the symmetric type (both end blocks have similar weight fractions, resulting in lamellae (ll), lamellar cylinder (lc) and lamellar sphere (ls) morphologies), the deformation mostly took place in the M phase. In the case of asymmetrically composed SBMs (having morphologies like cylinder at cylinder (c a c) or cylinder in cylinder (c i c)), a plastic deformation of the S matrix was reported. However, no additional information concerning the orientation of the different domains or the deformation pattern of the rubbery B domains was deduced from those results. Hence, the goal of our work is to interpret the deformation and orientation behavior of the SBM triblock terpolymers with a special focus on the polybutadiene middle block.
Furthermore, the existence of two different structural isomers of the B block (i. e. 1,2-B and 1,4-B) must be considered as they cause a tremendous influence on the morphological as well as the mechanical properties. [17] To our knowledge, the influence of the microstructure of the B-domains on the deformation and orientation of lamellar domains during tensile test has not been addressed in the literature so far. In this paper we address the question of the influence of the microstructure of the rubbery polybutadiene middle block on the morphological and deformation properties of SBM triblock terpolymers with approximately similar relative amounts of the three comonomers.
As many compositional variations are possible, we kept the relative amounts of the different blocks approximately equal, in order to compare the effects of the two Bisomers on the morphological deformation. Two pairs of the 1,2-and 1,4-SBMs were prepared with a lower and a higher molecular weight, respectively. The polymers were characterized by in-situ tensile test and 2D-SAXS experiments. Transmission electron microscopy (TEM) was performed on the specimens before and after tensile testing to analyze the morphological changes induced by large strains.
Experimental section

Materials
All SBM triblock termpolymers were synthesized on a 10g scale with varying block lengths and a narrow molar mass distribution by sequential anionic polymerization.
Details of the experimental techniques and reaction conditions can be found elsewhere. [17, 18] The compositions and the molar masses of the SBMs investigated will be compiled according to a general formula m S x B y M z n . Herein m represents the B's major type of isomers; x, y, z are the weight fractions of the respective blocks, and n is the number averaged molar mass of the polymer in kg/mol.
Sample preparation for tensile testing
To prepare solution cast films of a thickness of 350 to 400 µm, the polymers were dissolved in CHCl 3 and poured into Petri dishes. The solvent was allowed to evaporate slowly over 3-4 weeks at room temperature. Films were dried in vacuo at 30 °C for 2 days. The temperature was subsequently raised over a period of 24 hours to 100 °C, then again to 160 °C. The films were then cooled to room temperature.
Transmission Electron Microscopy (TEM)
The bulk morphology of SBM triblock terpolymers was studied by bright field TEM using an FEI Tecnai 20 operated at 200 kV. Thin sections (thickness 20-30 nm) were cut at room temperature using a Leica Ultracut UCT Ultramicrotome equipped with a diamond knife. The thin films were stained by exposure to OsO 4 vapor for 1 to 3 minutes. A small piece of each sample was cut close to the fracture surface after tensile test. The orientation of the TEM samples related to the samples used for the stress-strain experiment was perpendicular to the tensile direction.
Small Angle X-ray Scattering (SAXS)
The bulk morphology was complementary studied by small angle X-ray scattering (SAXS). In-situ SAXS and stress-strain experiments were carried out at BW4 beamline of DORIS III, HASYLAB at DESY, Germany. The experiments were done at room temperature. 2D SAXS images were captured with a marCCD165 detector at different times during the stress-strain experiments. The sample -detector distance was set to 4 meters and a 1.38 Å X-ray wavelength was used. The data was analyzed with the help of the freeware software Fit2D [19] . In order to avoid misleading interpretations, a background image was taken after each experiment and was subtracted from the data.
The distribution of the scattered intensity was plotted as a function of the azimuthal angles vs. intensity. Intensities at 90° and 270° correspond to the tensile direction which is referred to as meridional scattering, whereas the angles 0° and 180° correspond to equatorial scattering which is defined by the experimental set-up in a direction perpendicular to the stretching.
Stress-strain experiments
The stress-strain experiments were carried out on a "Zwick" model Z020, with a load cell of 0.5N. The measurements were done with a crosshead speed of 5 mm/min at ambient temperature according to the standard ASTM D882. The shapes of the samples were rectangular with an average dimension of 12 mm x 35 mm x 350 -400 µm.
Differential Scanning Calorimetry (DSC):
Differential scanning calorimetry (DSC) was performed using a Netzsch DSC Phoenix.
The equipment was calibrated using indium and cyclohexane. Standard aluminium pans of 50 μL were used to encapsulate samples of 10 mg ± 1 mg. Dynamic heating and cooling scans were performed under nitrogen atmosphere at heating rate 20 K min -1 . A second heating was used to evaluate the thermal transition of the polymer. The middle points of the transition curves were taken to determine the glass transition temperature, T g .
Results and Discussion
The molecular compositions, molar masses, and the polybutadiene microstructure of two sets of SBM are given in Table 1 . The absolute molar masses were calculated by a combination of GPC (absolute mass of the S precursor) and 1 H-NMR (weight fraction).
To compare the influence of the two B-isomers the relative amount of the different blocks was kept constant. To further elucidate the effect of the overall chain length one set exhibiting lower and the second one with higher overall molar masses were investigated. 
(TABLE 1)
Eight specimens of each polymer were tensile tested. The average values of the relevant mechanical properties and the standard deviation of the polymers are highlighted in Table 2 . It seems that the B-microstructure has an important influence on the elastic modulus, the yield strength and the elongation at break of the terpolymers studied. The elastic modulus and the yield strength were higher in the case of the 1,2-B based SBMs, while the 1,4-B type terpolymers showed higher strain at break. The differences in the yield strength and the stress-strain trends of the 1, Table 3 for a better understanding of the influence of the B microstructure on the polymers' morphology. Table 2 ( Figure 1 ) 
(FIGURE 2)
The morphology after applying a strain of 100% is shown in Figure 2b where two different areas of the deformation patterns are presented (cf. circle 3 and 4). Circle 3
shows a zig-zag pattern of lamellar domains resembling a chevron-like morphology.
The formation of the chevron-like morphology strongly resembles Ref [21, 22] where the deformation of lamellar SBS block copolymers was discussed. In analogy to their results we suppose that the chevron-like morphology in 1,2 S 31 B 31 M 38 55 is formed if the stretching direction is perpendicular to the lamellar domains as indicated by the arrow in the TEM micrograph. Its evolution begins beyond the yield point attributed to fragmented lamellae. These fragmented domains can now orient more easily with the flexible B domains resulting in a zig-zag pattern as sketched in Figure 2c .
A schematic sketch of the deformation in circle 4 of Figure 2b is given in Figure 2d .
The TEM image supports the hypothesis that the pseudo-hexagonally arranged B domains are elongated during stretching perpendicular to the cylindrical domains. Upon further stretching, four B cylinders are further deformed until they become linked with their ends. Finally, the extended S domain encloses the adjacent B domains (cf. circle 4). Odell and Keller [11] found an analogous morphology in an SBS triblock copolymer where hexagonally arrayed S cylinders were embedded in a rubbery B matrix.
Application of a strain parallel to the cylinders resulted in stress-strain curves featuring a yield behavior at 3% strain. Even at small strains the yielded material became more compliant, potentially caused by the breakage and reformation of the cylinders. For SB diblock copolymers Argon et al. [23] proposed a two-step craze growth mechanism with hexagonally packed B cylinders embedded in the S matrix. First, the material was elastically deformed up to a critical stress. When this critical stress was reached, cavitations occurred within the domains, leading to necking formation of the S matrix.
In the case of the 1,2 S 31 B 31 M 38 55 , the evidence of the different domains orientations and the whitening of the films when the strain reaches 10% lead to the conclusion that crazes occurs in this sample, probably after the formation of microvoids. Unfortunately, the craze formation could not be followed by TEM, which might be due to the preparation of the samples for microscopy. In this study, the samples were taken after the strain-stress experiments were performed. The time between the strain-stress experiment and the preparation of the sample for the TEM experiments might has led to relaxation of the terpolymer and the disappearance of any evidence of crazing. Table 3 ). When the specimen is A tensile testing series is given in Figure 4 . A magnification view of the stress-strain curves up to 50% strain is also shown. Figure 5 ) depicting a stress-strain plot as well as 2D-SAXS images recorded at strains of 0%, 7%, 31%, and 53% strain, respectively.
Morphology of
(FIGURE 5)
From the 2D-SAXS images intense scattering at small q values was observed for 1,2 S 31 B 31 M 38 55 . This scattering occurs under fragmentation of the lamellar domains during tensile deformation. At the initial stage (ε = 0%) an isotropic two ring pattern is found due to the random orientation of the domains. Close to the yield point (ε = 7%), the symmetrical ring pattern develops into an ellipse, with the longer axis being oriented along the equator. A yield drop occurs when the glassy domains are distorted; hence the tensile stress is transferred over the rubbery domains causing a plastic to rubbery transition at this stage. At 31% elongation, the outer ring (2 nd order scattering) diffuses completely while the inner ring (1 st order scattering) elongates to the equator direction.
Most probably the rubbery domains break down at this stage and are arranged randomly. Finally, at the elongation of 53% the anisotropic scattering of the inner ring further elongates into the equatorial direction. This might indicate that the rubbery domains are now highly extended. The domain sizes of B changed from 10 ± 1 nm (ε = 0%) to 5 ± 2 nm at maximum strain as calculated from the TEM micrographs.
(FIGURE 6)
The preferential orientation of the domains and their evolutions are further investigated by plotting the first order scattering as a function of the azimuthal angle. The azimuthal plot shows a continuous shift of the scattering intensity with the increase of the strain (see Figure 6a ). This means that the evolution of orientation of the microdomains depends on the strain. At 0% strain, no dependence of the intensities profile on the azimuthal angles can be found indicating the presence of randomly oriented cylindrical domains. When the strain reaches 7%, two scattering maximum can be recognized, one The 2D-SAXS patterns at different strain values are shown in Figure 7 Figure 1a ,c where no crack in the specimen is seen. At 0 % strain, two scattering rings can be identified in the 2D-SAXS pattern, one seemly close to the beam stop. At the first stages of deformation, the terpolymer scatters preferentially along the equatorial direction that elongates up to 100 % strain. However, a scattering shift to the equatorial direction was identified which means the fragmented domains start to orientsalong the strain direction. Close to the yield point (ε ≈16%) the meridional scattering maximum disappears. This might indicate that almost all microdomains which originally were oriented perpendicular to the stretching direction have changed their orientation. At this stage a four point pattern starts to appear which is well developed at ε = 70%. In this regime, the equatorial 2D-SAXS pattern changes to a pattern characteristic of a grain structure in which the lamellar surfaces are inclined with respect to the strain direction. At strain values up to 300%, the scattering lobes tend to elongate parallel to the equator. Here, the lamellar domains become strongly undulated as shown in the TEM micrographs in Figure 3c .
Also note that the domain spacing parallel to the strain direction increases with the elongation. When the strain has reached 400%, the spacing becomes broader and the lobes come closer to each other. It seems that the complete fragmentation of the glassy domains has not occurred at this stage; an observation also supported by Figure 7 as the four point lobes can still be recognized even at strains exceeding 400%. Different from this behaviour, at comparable strains the fragments of the SBS's glassy phase are randomly dispersed in the rubbery B-matrix resulting in the disappearance of distinct scattering peaks. [10] Hence, the SBM system shows higher elastomeric properties compared to its SBS analogue as the fraction of B chains in SBM are bridging the two end domains. [15] (FIGURE 7)
As we are interested in the deformation evolution of the 1,2-and 1,4-B domains, the azimuthal plot of the 1 st order reflection which was splitted into four lobes was interpreted with changes of the azimuthal angle for different elongation ratios (see Figure 8a ). In absence of strain the scattering intensity is independent of the azimuthal angle. At 10% strain, four scattering maxima appear at φ =27°, 157°, 203°, and 334°, respectively. For increasing strains the four maxima become more distinct and shift to an azimuthal angle, φ = 10°, 170°, 190°, and 350° indicating an evolution of the orientation of the planes related to the strain direction.
(FIGURE 8) Figure 8b shows the 1D-SAXS patterns corresponding to the one dimensional cut of the 2D-SAXS patterns at 90° for different strains. Higher order reflections are to be expected outside the measurement window and therefore cannot be discussed in terms of the symmetry of the morphology. When the strain reaches 10%, the intensity decreases and the maximum position shifts to higher q values. At 100% strain, the intensity further decreases but the peak's width broadens. Finally, at ε = 400%, the peak is barely visible. This trend can be attributed to an increasing disorder in the distance of the orientation plane and to a reorientation of the microdomains. [8] The change of the domain lengths during stretching and of the long range order of SBMB can also be deduced from the TEM micrographs and SAXS reflection peaks, cf. Table 4 . At 0% strain both the glassy lamellar domains exceed the dimensions of the B ones. At 300 % of deformation, the domain's size decreases. This effect is most obvious in the case of the B (from 7 nm to 5 nm), demonstrating the rubbery character of this domain compared to the glassy S and M ones. The long period corresponding to the SAXS first order reflection at q = 0.23 nm -1 was calculated 27.31 nm at ε = 0 % which decreases to 25.12 nm at 300 % strain. The values are comparable to the TEM results (e.g., Table 4 ). (TABLE 4) 3. The TEM images of the 1,2 S 32 B 31 M 37 91 sample before and after the tensile test are shown in Figure 9 . The unstretched sample exhibits a very well ordered array of S and M lamellae ( Figure 9a ). The three T g 's of the different blocks (i.e., Table 3 ) also resemble a good segregation of the different blocks. However, the B lamellar domains are discontinuous and in some parts of the micrograph a cylindrical pattern (cf.
magnification of the TEM micrograph in Figure 9a ) can be found.
(FIGURE 9)
The deformation of the morphology at 300% strain is highlighted by a magnified view of the B domains with extra contrast for clarity. Two deformation patterns can be Eight specimens of each polymer were tested and the resulting stress-strain curves with a magnification for low strains (ε ≤ 50 %) are plotted in Figure 11 . In both polymers stress whitening was seen, however, no cracks were formed. This could be due to the high molar mass of the B domains, which enhance the tensile loading of the terpolymers. In the stress-strain curve of 1 The stress-strain curve together with 2D-SAXS patterns at given strains of 1,2 S 32 B 31 M 37 91 is shown in Figure 12 .
(FIGURE 12)
The evolution of the domain's fragmentation and the scattering intensity at different strain values is similar to the low molar mass analogue (for comparison, see Figure 5 ). Interpretation of this scattering could lead to misunderstanding. For this reason, the scattering close to the beam stop was not considered. Hence, the second scattering rings were considered for the deformation and orientation analysis of the fragmented domains. At a yield point of 6% strain the meridional SAXS maximum changes to an equatorial one which indicates the deformation of the glassy domains. When the strain has reached 18%, the second scattering ring becomes almost undetectable. Obviously, strains between 6 % and 18 % cause necking of the glassy lamellae accompanied by shearing in the rubbery phase, i.e. the so-called 'plastic to rubbery transition' occurs. [9, 26] At higher elongations, e.g. at nearly 400%, the equatorial 2D-SAXS maximum can still be detected but its close vicinity to the meridional one and the beam stop does not allow an evaluation.
The observation that during the deformation process the scattering intensities were redistributed to the equatorial SAXS maximum, suggests that orientation and disorientation processes of the domains occur along the strain direction. This type of anisotropy scattering is well known for semicrystalline polymers [20] and samples with a cylindrical morphology for both large and small strains [22] resulting from a different orientation of lamellae. [20, 22] Interestingly, the redistribution was also reported for a rubber-modified glassy amorphous polymer blend [27] where the redistribution of the scattering intensity was explained by the presence of the effect of shear yielding and the absence of cavitations.
The thickness of the lamellae also decreases during homogenous deformation (cf. Table   5 ). The changes of the domain sizes (calculated from TEM images) show that at 0% strain, the M domain is broader than the other two where the B domain being the narrowest one. At a strain of 300%, all domains become narrower. The effect is not emphasized in the case of the S and M domains, but, it is much more pronounced for the B domains (from 14 nm to 9 nm). The distance of the interdomain planes increases from 78 to 86 nm during stretching up to 300% which was calculated from the SAXS 2 nd order reflection peak.
(TABLE 5)
The reorientation of the fragmented domains was further analyzed by plotting the azimuthal angle vs. strain. The scattering at strain ε = 0% of q = 0.16 nm -1 was considered (see Figure 13 ). The intensity of the 2 nd reflection peak remains almost constant for strains up to 6% indicating the absence of plastic deformations in this range. However, for higher strains an intensity maximum develops at an angle of 0° and 180° (Figure 13a ). The peak narrows at higher elongations (e. g. 400%), indicating that the domains are oriented parallel to the stretching direction. Figure 13b shows the relation between the intensities and the scattering vector, q for the different strains.
When increasing the strain up to 6%, the intensity at q = 0.16 nm -1 starts to diminish, which is in accordance with the disappearance of the meridional SAXS maximum in Figure 12 . At 18% strain that peak has completely disappeared, however, at the same time, the first order peak at q =0.08 nm -1 is continuously shifting to lower q-values with increasing strains (i.e. 31% to 400%) which is due to the orientation of the fragmented domains .
(FIGURE Afterwards the tendency of the scattering increases anisotropically to the equatorial direction upto 469% strain. As this scattering pattern appears at higher strain values for 1,4 S 34 B 31 M 35 80 , a difference on the development of the scattering intensity as a function of the azimuthal angle is also observed (see Figure 15) .
(FIGURE 14)
The orientation of the diffusion intensity can further be investigated by correlating the azimuthal angle as shown in Figure 15a . Like 1,2 S 32 B 31 M 37 91 , the highest intensity maximum develops at an angle of 0° and 180°. The scattering intensity at the meridional direction (at 90° and 270°) increases up to 219% strain. However, the diffraction peaks of the four lobes at 157° and 203° are only slightly visible at 6% strain which diffuse and reorient further to the tensile direction. Finally, at 469% strain the scattering intensity increases only to the equatorial direction but the intensity maxima at φ = 90°
and φ = 270° almost disappear probably due to random orientation of the domains. Only the intensity of the 0° and 180° peak continuously increases at this stage which is mainly caused by the deformation of the rubbery domains along the strain direction. The plot of the intensity versus q (Figure 15b Figure 10 and listed in Table 6 . At 0% strain, the M domain is broader than the S and B ones with B being the narrowest. Application of strain leads to a reduction in domain sizes of about 4 ─ 5 nm. The SBMB periodicity calculated from TEM micrograph (cf. Figure   10a ) and SAXS reflection peak (Figure 15b ) becomes narrow at 300% strain.
(FIGURE 15) (TABLE 6) 
Orientation behavior of 1,2-and 1,4-SBM morphology
The orientation of uniaxial systems with respect to the reference direction (parallel to the symmetry axis of the system) can be expressed by Legendre polynomials. The second order Legendre polynomial, P 2 (orientation parameter), of this distribution function is the most often used parameter to describe the state of orientation in such a system. It can be obtained by integration of the scattering intensity I q (ϕ) as a function of azimuthal angle ϕ within the interval of ϕ = 0° to 360°.
[28] P 2 is expressed as where:
In the SAXS measurements on lamellar stacks the normal of the lamellae is giving the orientation of the scattered intensities. This means that for a uniaxial system with all lamellae being oriented perpendicular to the reference direction, P 2 will reach its maximum value of 1, indicating a perfect alignment. If the lamellae are oriented uniaxially parallel to the reference direction, then their normals will be homogeneously distributed in all perpendicular directions with respect to the reference direction, leading to the minimum value of P 2 , which is -0.5. A random distribution of the lamellar stacks will lead to an isotropic situation with P 2 = 0.
For the investigated SBMs the plot of the orientation factor (P 2 ) versus the strain is given in Figure 16 . The integration of the scattering profiles was performed for the interval 90° <ϕ< 270° close to the diffusion intensity in order to obtain actual deformation information of the domains. From that plot the orientation behavior of the copolymer domains during the elongation process can be deduced.
(FIGURE 16)
Unfortunately, only a very limited number of orientation factors (P 2 ) were obtained for 1,2 S 31 B 31 M 38 55 all being very close to zero. As observed in the 2D-SAXS images, a random orientation of the fragmented domains was speculated. As in this polymer the domains are rather short and consist of the glassy S and M blocks, it is assumed that after the yield point the domains were fragmented and reached to their high stretching limit. For the high molar mass 1,2 S 32 B 31 M 37 91 a different orientation behavior is observed. The orientation factor reaches -0.22 at the first deformation stage which indicates the alignment of the lamellae planes is more parallel to the stretching direction, i. e. normal are they more perpendicular to the chain axis. With a further increase of the strain up to 300% the lamellar domains continue to orient to the strain direction which is also highlighted in Figure 9b where the B phases turned into a wavy pattern in the stretching direction.
In the case of Figure 10b showed that the lamellar structure is not completely disrupted after 300% of deformation of the 1,4-B.
Summary
The effect of deformation on the morphology and the stress-strain behavior for two sets of SBMs was discussed. These differ in their 1,2-B to 1,4-B ratios and their total molar masses. In the case of 1,2-SBM, a co-existing lamellar and cylindrical morphology of B block was observed for both the low and high molar mass SBMs. However, in both 1,4-SBMs, only well segregated lamellar patterns were found. shows a moderate yield drop at low strains and higher stress hardening at high strains.
The orientation of the fragmented domains was assessed with respect to the orientation parameter (P 2 ). In the case of the high molar mass 1,2-SBM ( SBMs containing a higher 1,4-B content, the lamellae change rapidly into a random domain orientation. In high molar masses analogue, the orientation is slightly parallel to the strain direction at initial stages but for higher strains a random orientation develops.
These results demonstrate that the microstructure of the B block and the molecular weight has an important influence on the mechanical behavior of the terpolymers. In the first case, the 1,2-B blocks tends to reach a maximum state of deformation and then the strain is transferred to the whole microdomains, increasing the orientation factor of the terpolymer. On the contrary, the lower T g or the elasticity of the 1,4-B chains might tolerate the mechanical stress, leading to random orientation of the glassy domains. This study shows the influence of the nature of the rubbery centre block in thermoplastic ABC triblock terpolymers on their stress-strain behaviour.
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